which worsens with the degree of severity of the disease. 4 Some anti-epileptic drugs (AEDs) are known to have side effects with direct negative impact on oral health condition. Phenytoin, for instance, causes gingival hyperplasia and this has been observed in 50% of patients taking this medication for 3 months. [5] [6] [7] There is controversy, however, regarding caries experience in epileptic patients. Whereas it has been indicated that children suffering from seizure attacks had multiple carious lesions especially when sugarbased liquid AEDs were used for long-term treatment, 8 in some studies, epileptic children were not found to be at higher risk to develop dental caries when compared to healthy subjects. 9 Furthermore, it has been reported that generalized tonicclonic seizures might be associated with minor oral injuries, such as tongue biting 10 and trauma to teeth injuries 11 including subluxation, avulsion of teeth, fractures, and sometimes loss of vitality. 12 Trauma from falls during the attacks may also lead to head injury, subluxation of the temporomandibular joints and sometimes maxillofacial trauma. [10] [11] [12] The key predictor for incidence of any oro-facial injuries, however, is the severity of the seizure attacks.
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Since the current evidence on oral health status of children suffering from epilepsy and the association between AEDs intake and incidence of common oral problems is quite scarce, this study was conducted to assess caries experience, gingival health and incidence of oro-facial injuries in a group of children suffering from epileptic attacks. Under the tested null hypothesis, epilepsy and the uptake of AEDs would have no effect on the oral health status of children.
| SUBJECTS & METHODS

| Ethical considerations
The study protocol was approved by the Research Ethics Committee of Faculty of Dentistry; Ain Shams University (FDASUREC). Prior to enrolment, a written informed consent was obtained from the parents/guardians of eligible children after explaining in details the purpose of the study.
A retrospective cohort study was conducted in the Pediatric clinic of Neurology Department, Al Demerdash Hospital at Ain Shams University in Cairo governorate, Egypt.
| Study population
Based on a similar previous study 13 and using alpha (α) level of 0.05 (5%) and beta (β) level of 0.20 (20%) that is power = 80%; the minimum estimated sample size was 80 subjects per group giving a total of 160 subjects. Sample size calculation was performed using Epi. Calc. Info 7.1.2.0 (2013).
The sampling frame of this study included all children who had a clinical medical diagnosis of idiopathic epilepsy 14 and were free of any other systemic diseases. A total of 100 epileptic children were recruited from the Children's public hospital of Ain Shams University, Pediatric Neurology clinic between September and December 2016. Generally, the hospital treats children either for free or at a very low charge and the majority of the patients attending the clinic are of low socio-economic background. The control group comprised age and gender-matched 80 healthy subjects who were randomly selected from siblings of the patients. The age of children in both groups ranged from 6 to 12 years.
Data on medical history of children with epilepsy were collected from the hospital medical records. Any epileptic children who had other systemic diseases that may increase their risk to oral problems such as dental caries or induce gingival enlargement or who had any gingival surgeries or periodontal treatment prior to the examination were excluded. The control subjects had no history of neurological illness or any other systemic diseases and were not taking any long-term medications that may induce gingival problems or any other oral diseases. The study primary outcomes were set to comprise caries experience in primary or permanent dentition, gingivitis and oro-facial traumatic injuries in soft or hard tissues. Secondary outcomes, however, included frequency of dental visits and tooth brushing.
Why this study is important for paediatric dentistry
• This study provides information on oral health status of epileptic children in a developing country where data concerning oral health of patients suffering from epilepsy are lacking.
• The results support the existing evidence on common oral problems in epileptic children such as caries and gingivitis.
• The results, also, highlight that it is important that dentists should be well aware of the potential side effects of AEDs and should be well versed and trained to deliver comprehensive oral care to epileptic patients and manage oro-facial injuries in case of emergency.
| Exposure
In Shorvon's Classification of Epilepsy by Etiology, 14 Idiopathic epilepsy is diagnosed when seizure attacks are of genetic origin and are not associated with any massive neuroanatomical or neuro-pathologic abnormality. In addition, a child was eligible to participate in this retrospective cohort study only if during recruitment, according to medical records, he/she was on AEDs for more than 6 months.
| Data collection
Data collection was conducted between January and April 2017, and all data were documented in a recording chart designed specifically for this study.
| Questionnaire
Parents of all study participants were interviewed using a structured detailed standardized questionnaire constructed from similar studies 5 to match the objectives of the study.
Data on age, gender, number of siblings and parents' level of education and employment were collected. Parents were asked about children's medical history to exclude any children who suffered from any systemic diseases other than epilepsy, and to determine the type, dose, frequency, length, and mode of application of the anti-epileptic drug used. Data on dental attendance and oral health hygiene practices were also collected by asking questions about frequency of dental visits, frequency of tooth brushing, tooth brushing after drug intake and the use of fluoridated toothpaste.
| Clinical Examination
Only one clinician performed intraoral examination (HM) for all the study participants. The examiner was provided with a manual explaining all the examination criteria then received a clinical training sessions including full-mouth examinations for children in the same age group. Intra-examiner reliability was assessed using Cohen Kappa coefficient. The degree of agreement was considered acceptable as the Kappa values ranged from 0.80 for gingivitis to 0.845 for caries experience in both permanent and primary dentitions and 0.90 for intraoral traumatic injuries. Using plain mouth mirrors and sickle-shaped probes under natural light with subjects sitting upright in an ordinary chair, the examiner assessed:
• Gingival condition; using the gingival index (GI) of Loe and Silness. 15 • Caries experience; using the World Health Organization (WHO) criteria for recording the number of decayed, missing and filled teeth. 16, 17 • Intraoral injuries; to both hard and soft tissues using the WHO classification of trauma. 18 
| Statistical analysis
Statistical analysis was performed with IBM® SPSS® Statistics Version 20 (IBM corporate Headquarters, Armonk, NY, USA) for Windows, and the significance level was set at P ≤ 0.05. Numerical data were explored for normality by checking the distribution of data and using tests of normality (Kolmogorov-Smirnov and Shapiro-Wilk tests). All data showed non-parametric distribution. Data were presented as mean, standard deviation (SD), median, range and 95% Confidence Interval (95% CI) values. Mann-Whitney U test was used for comparisons between the two groups. Qualitative data were presented as frequencies and percentages. Chi-square (χ 2 ),
Fisher's exact test (when applicable), and Odds Ratio (OR) were used for comparisons between two and more groups.
| RESULTS
The mean ± SD age of children with epilepsy and healthy children was 8.0 ± 2.2 and 7.8 ± 3.1 years, respectively. Males represented 60% and 52.5% of children with and without epilepsy, respectively. Both groups were comparable as regards to age and gender (P value = 0.292 and 0.313, respectively; Table 1 ). Of 100 epileptic children, 41, 29 and 11 used Sodium Valproate, Levetiracetam and Carbamazepine, respectively, while only 19 subjects took a combination of drugs. Whereas only seven epileptic children used the AED once/ d and six subjects used it three times daily, the majority (87%) used it twice/d.
| History of dental visits and frequency of oral hygiene practices
A statistically significant difference was found between numbers of dental visits among epileptic children and their healthy siblings (P value = 0.002). Regarding frequency of tooth brushing, there was also a statistically significant difference (P value = 0.017) between the two groups such that healthy children were more likely to brush their teeth than those suffering from epilepsy ( Table 2 ).
| Gingival health
As shown in Table 3 , the mean values for GI index were significantly lower among healthy children compared to epileptic patients. (P value = 0.002).
| Caries experience
A statistically significant difference was detected between the two studied groups regarding caries experience only in primary dentition such that healthy subjects had statistically significantly lower mean dmf index scores 2.2 ± 2.6 compared to epileptic subjects where mean dmf scores were 4.1 ± 2.1 (Table 4) .
| Trauma to soft and hard tissues
No statistically significant difference was present between the two groups with respect to hard and soft tissue trauma (P value = 0.171 & 0.503, respectively; Table 5 ).
| DISCUSSION
Though oral health is directly linked to general health and poor oral health is associated with diminished quality of life, yet children with special health care needs or medical problems such as epilepsy usually experience the highest levels of unmet dental needs. 19 Since epileptic children have equal rights to good oral health as their healthy peers, 20 in the current study, we assessed the impact of seizure attacks as well as the AEDs on the oral health status of epileptic children.
In both groups of the study population, children were matched with respect to age, gender and socio-economic status to ensure the homogeneous distribution of these variables and eliminate any possible effects on the measured outcomes. 21 According to the parents' responses, epileptic children were less likely to visit dental settings in comparison to healthy subjects. In addition, as regards to oral hygiene practices, children in the control group performed tooth brushing more often than the epileptic patients. Jovanović and Gajić 22 reported that generally children with epilepsy and their parents exhibited worse habits, attitudes and behaviours towards oral health than healthy controls and hence they washed their teeth less often and for shorter duration; a conclusion that supports our study findings. One plausible explanation is that owing to the medical condition of epileptic children, their parents tend to fully dedicate their time and efforts to learn how to prevent and control their seizure attacks since early years of children's lives. As such, oral diseases are neglected and are not considered a priority health issue among those patients. Moreover, parents' misconceptions that dental procedures could provoke seizure attacks might have led them to pay a dentist a visit only when their children suffered from severe toothaches.
T A B L E 2 History of dental visits and frequency of oral hygiene practices among children with epilepsy and healthy subjects In the present study, it was found that epileptic children tend to have poor gingival health and this could have been attributed to the long-term frequent use of AEDs, where 87% were on medications twice daily since their first seizure attack. A total of 41 patients were on sodium valproate, and many studies have indicated that valproic acid can cause thrombocytopenia, decrease platelet aggregation and function 23, 24 and reduce the effectiveness of the bloodclotting mechanisms thus leading to gingival bleeding and petechiae. As regards to caries experience, the findings of the current study indicated that epileptic children were not at higher risk to develop carious lesions in their permanent dentition than their healthy siblings. Considering that the mean age of children in both groups was 8 years, thus it is likely there was inadequate time for caries to manifest clinically in the permanent teeth.
On the other hand, epileptic children were more liable to experience decay in their primary teeth. According to the parents, their children were either on sodium valproate, levetiracetam, or carbamazepine since the first seizure attack and these medications were reported by the Food and Drug Administration to contain sucrose as one of its ingredients. 25 Moreover, it should be noted that 69% of the enrolled epileptic children ingested their medication in the form of syrup and since 98% of them indicated they never brushed teeth or even rinsed their mouths after drug intake, thus the long-term use of those sugar-containing medications might have significantly contributed to the increased incidence of decay in primary teeth.
In accordance with our results, Percival et al 9 study
revealed that there was no significant difference in the mean DMFT scores between children with epilepsy and healthy controls. Their findings, however, disagreed with our study with respect to caries experience in primary dentition; where no significant difference was detected in the mean dmft scores between both groups. The authors have concluded that the careful monitoring of the children's diet, the increased use of sugar-free AEDs and the support they received from professional health workers for oral care were the reasons behind the low prevalence of dental caries among those epileptic patients. Though epilepsy is considered a significant risk factor for oro-facial injuries among children, 26 in the present study, it was not common that a child would suffer trauma to hard or soft intraoral tissues due to seizure attacks. This might have been attributed to the controlled epileptic condition of the participants who were diagnosed only with idiopathic epilepsy and, according to parents, started to take AEDs since their first seizure attack occurred and followed a strict drug regimen thereafter. Our results are consistent with Saengsuwan Jiamji et al 27 who reported that the main reason for an epileptic attack was not following the drug regimen and thus stressed the urging need for counselling of patients with epilepsy in order to follow instructions on proper usage of AEDs. Hence, in the light of this study findings, we could reject the null hypothesis that epilepsy and AEDs uptake have no effect on caries experience in primary dentition and gingival health status; however, we failed to reject it with respect to incidence of intraoral injuries and dental caries in permanent teeth of epileptic children.
One limitation of the current study is the possibility of presence of a degree of "observer" bias in collected data considering that the investigator was not "blinded" and the measured outcomes were subjective. 28 It should be, also, noted that the findings of our study cannot be extrapolated to all epileptic children in Egypt as the sample was withdrawn from only one public hospital. Thus, further studies in different hospital settings receiving children with different socio-economic background need to be conducted. In conclusion, the current study points out that the risk of epileptic children to develop carious lesions and suffer from gingival problems is worrisome and requires more attention. There is an urging need to establish strong collaboration between dental and medical care providers to ensure referral of children with epilepsy to receive regular oral health examinations especially those under long-term AED treatment. Health educational programs targeting parents of those children are, also, indicated in order to raise their awareness regarding the influence of their children's oral health on their general health and well-being.
